We herein report an 87-year-old woman who was taking clonazepam at 1.5 mg/day. She was hospitalized with an old cerebral infarction complicated with symptomatic epilepsy, dementia, dyslipidemia, and chronic cholecystitis. Electrocardiogram revealed severe bradycardia at 31 beats/min. The bradycardia disappeared on day 3 after clonazepam withdrawal, although the serum clonazepam level had been within normal limits. She was diagnosed with clonazepam-associated bradycardia, which was likely related to the potential calcium channel-blocking properties of clonazepam. Because of age-related pharmacokinetic and pharmacodynamic changes, the adverse effects of clonazepam should be considered, especially in disabled elderly individuals with multiple comorbidities.
Introduction
Clonazepam, a benzodiazepine derivative, is frequently used in a variety of clinical situations, such as to treat epilepsy, anxiety, and myoclonus, even in elderly patients (1) (2) (3) . We herein report a case involving a disabled elderly woman with multiple complications presenting with a clonazepamassociated episode of severe bradycardia.
Case Report
An 87-year-old woman was admitted to the geriatric longterm care ward of our hospital with an old cerebral infarction complicated with symptomatic epilepsy. She could not communicate at all because of severe dementia; her mini mental state examination score was 0/30. She needed assistance for all activities of daily living. Because of her progressive dysphagia, she had received her nutrition through a nasogastric tube since the 82 years of age but was switched to total parenteral nutrition via the central veins following an episode of severe cholecystitis associated with gallstones at 86 years of age. Further complications included dyslipidemia, bilateral hydronephrosis due to renal stones, and a history of pyelonephritis. Clonazepam had been administered (0.5 mg, three times a day) for symptomatic epilepsy for 53 months through her nasogastric tube to treat symptomatic epilepsy. Six months previously, her serum trough clonazepam level had been within normal limits [25.6 ng/mL; reference range: 20-70 ng/mL (4)]. Additionally, ursodeoxycholic acid (300 mg/day) and sucralfate (2,700 mg/day) had been administered; however, she had not received donepezil, digitalis, calcium antagonists, or beta adrenergic blockers. Her pulse rate was consistently 50-70 beats/min; however, transient bradycardia (45-50 beats/min) had been observed twice a week for approximately 1 month. During her hospitalization, she developed severe bradycardia.
She was small in stature; her height, body weight, and body surface area were 145 cm, 42 kg, and 1.30 m 2 , respectively. She opened her eyes in response to our voices but showed no response to commands at baseline. On a physical examination, her vital signs were as follows: blood pressure 121/67 mmHg, pulse rate 32 beats/min, respiratory rate 18 breaths/min, body temperature 36.4 , and oxygen satura- tion 98% on room air. Her heart sounds were almost regular with a slow rhythm, and there were no gallops or murmurs. Her lungs were clear on auscultation. Pitting edema was identified on the posterior side of both lower limbs.
An electrocardiogram recorded 4 hours after the last intake of clonazepam (0.5 mg) revealed severe bradycardia (Fig. 1, 3B ). An altered P wave shape; first-degree atrioventricular block; ST elevation in leads II, III, aVF, and V6; and poor R wave progression in leads V4-6 were observed, compared with an electrocardiogram recorded 22 months previously (Fig. 2, 3A) . Chest radiograph revealed cardiomegaly (cardiothoracic ratio 65.5%) with pulmonary congestion. An echocardiogram revealed normal contractility without asynergy and mild pulmonary hypertension; her estimated pulmonary artery systolic pressure was 43 mmHg. The laboratory data are shown in Table. Hypoalbuminemia, renal dysfunction, elevated biliary enzymes, and inflammatory reaction were shown. Dyslipidemia (hypertriglyceridemia and hypo-high-density lipoprotein (HDL) cholesterolemia), insulin resistance, subclinical hypothyroidism, and elevated N-terminal pro-brain natriuretic peptide were also revealed. An electrolyte analysis was within the normal range. Her serum clonazepam level was within the therapeutic range (34.8 ng/mL). After the initial evaluation, only clonazepam was discontinued immediately, while other medications and fluid therapy were continued. During observation, her pulse rate at 12, 24, 48, and 72 hours after the cessation of clonazepam favorably recovered to 47, 53, 64, and 78 beats/min, respectively. Electrocardiogram on day 3 after clonazepam discontinuation confirmed resolution of bradycardia (Fig. 3C) . A transient elevation in the body temperature (37.7 ) was observed on day 4 after the discontinuation of clonazepam, which resolved quickly. The heart failure on chest radiograph and ST changes and poor R wave progression on electrocardiogram improved gradually. However, ectopic atrial rhythm, sinoatrial block, and paroxysmal atrial fibrillation occurred during the course of her electrocardiograms (Fig. 3C-F) . Her consciousness level never changed after the withdrawal of clonazepam. She ultimately died on day 74 due to recurrent emphysematous cholecystitis accompanied by a gallbladder abscess.
Discussion
In this patient, discontinuing clonazepam improved the severe bradyarrhythmia, and we made a diagnosis of clonazepamassociated bradycardia. Although benzodiazepine-associated dysrhythmias have been reported, they are not common (5). Furthermore, bradycardia associated with clonazepam is rare. To date, two cases of arrhythmia related to clonazepam have been reported in the literature (5, 6) . One case was a four-year-old boy presenting with an atrioventricular block associated with the excessive administration of clonazepam (5). The other case was a 74-year-old man with endstage renal disease who presented with sinus bradycardia caused by the interaction of amiodarone and clonazepam; the patient also had a medical history of sinus bradycardia related to diazepam (6) .
Although the exact mechanisms are unknown, clonazepam may have caused sinus bradycardia by blocking the T-type calcium channels, which contribute to the automaticity of the sinoatrial and atrioventricular nodes (7, 8) . Benzodiazepine receptors consist of central-and peripheral-type receptors (9). Peripheral-type benzodiazepine receptors, which are distributed to the peripheral tissues, including the cardiovascular system, have various functions, such as the regulation of voltage-dependent calcium channels (10) . Benzodiazepine receptors are also divided into high-affinity and lowaffinity receptors; the former selectively bind in nanomolar concentrations of benzodiazepines, and the latter bind in micromolar concentrations and regulate voltage-sensitive calcium channels (11, 12) . Clonazepam has been referred to as a specific agonist for the central-type receptor in contrast to diazepam, which is a non-specific agonist for both centraland peripheral-type receptors (7). Watabe et al. showed that clonazepam selectively blocks T-type calcium channels in micromolar concentrations, whereas diazepam blocks both L-and T-type calcium channels in a non-selective manner; those authors therefore concluded that T-type calcium channels are regulated by both central-and peripheral-type lowaffinity benzodiazepine receptors, although L-type calcium channels are regulated solely by peripheral-type low-affinity receptors (7) . Clonazepam may therefore antagonize calcium channels despite the specific ligand for central-type benzodiazepine receptors.
The long-term administration of clonazepam in elderly patients with multiple comorbidities may lead to an overdosage and adverse drug events. Clonazepam is mainly metabolized in the liver, primarily by cytochrome P450 isoenzyme 3A4 (4, 13) . Clonazepam is lipid-soluble and highly protein bound (85%), and its elimination half-life is long (17-56 hours) (4, 13) . In the present case, not only age-related decreases in the liver size, hepatic blood flow, and liver cytochrome P450 activity, but also complicated liver dysfunction due to chronic cholecystitis and total parenteral nutritioninduced fatty liver may have been associated with the decreased hepatic drug clearance of clonazepam. In addition, the cytochrome P450 levels and activities are reduced during infections and inflammation by up-regulated cytokines, such as interleukin 6 (14) . With aging, the amount of body fat increases and the total body water decreases. Lipid-soluble drugs have an increased distribution volume in the elderly; therefore, drug accumulation and prolongation of the elimination half-life may occur with long-term administration (15) . Age-dependent decreases in the serum albumin concentration influence the drug protein binding potency, and increases in the free concentration of highly proteinbound drugs may cause toxicity in patients with hypoalbuminemia (15) . In addition, complicated subclinical hypothyroidism, likely caused by aging, may contribute to bradyarrhythmia.
Several limitations associated with the present study warrant mention. First, the serum clonazepam level at bradycardia onset was within the therapeutic range; however, we nevertheless considered the possibility of clonazepamassociated bradycardia because the condition disappeared after the drug was stopped. In a previous report, neither the therapeutic nor the side effects of clonazepam were clearly correlated with its serum concentration (1) . For example, the serum clonazepam level was elevated to toxic levels in one case of clonazepam-associated atrioventricular block but not elevated in a case of clonazepam-associated sinus bradycardia (5, 6) . Furthermore, advanced age is associated with an increased sensitivity to benzodiazepines, including clonazepam (15, 16) . Thus, clonazepam-associated adverse events may occur even if the levels are within the normal range. If possible, the dose of clonazepam should be reduced to prevent adverse effects in elderly patients. Second, we did not examine the patient for ischemic heart disease. Considering the findings on her electrocardiograms, ischemic heart disease might have been concealed. An ischemic heart attack may have influenced the occurrence of bradycardia. A retrospective consecutive study of heart necropsy results reported severe coronary atherosclerosis in 8.7% of elderly Japanese individuals, 12% of whom had no history of ischemic heart disease (17) . In addition, sinoatrial node dysfunction is often attributed to cardiac ischemia and idiopathic age-related fibrosis (18) . However, we suspect that, in this elderly disabled woman, a thorough examination using coronary angiography may not have improved her prognosis. Third, cardiac conduction disturbances may also have been concealed in the present case. A previous electrocardiogram demonstrated multiple P wave contours, which may suggest sick sinus syndrome. Furthermore, ectopic atrial rhythm, sinoatrial block, and paroxysmal atrial fibrillation were observed after the cessation of clonazepam. Aging is associated with progressive fibrosis in both the sinoatrial node and atrioventricular conduction systems (18, 19) . Previously concealed sinoatrial and atrioventricular conduction disturbance might have become apparent in the present patient through the action of clonazepam. Fourth, a chronic inflammatory state associated with gallstones and renal stones may have induced a transient fever and influenced the recovery of the patient's pulse rate. However, only the discontinuation of clonazepam clearly improved the severe bradycardia; the adverse effects of clonazepam may therefore have been a major cause of bradycardia. In disabled elderly individuals with multiple comorbidities, it may be difficult to fully elucidate their complicated pathophysiology affected by various clinical factors in an integrated manner.
Benzodiazepines, including clonazepam, may cause severe bradycardia. Benzodiazepines may have calcium channelblocking properties, which may explain the observed bradyarrhythmia. It is important for clinicians to be aware of benzodiazepine-associated bradycardia in order to prevent elderly patients from experiencing adverse drug events.
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